 (Occup Environ Med 1995;52:250-254) 
for less than three years. No such excess was found in men with at least three years' employment, with 120 cases observed v 129-7 expected. In this subcohort an association was found between the incidence of bladder cancer and exposure to coal tar pitch volatiles 40 years or more before each person-year under observation, and between incidence of lung cancer and tar exposure 35-50 years before observation. An association was also found between incidence of kidney cancer and exposure to heat stress 20-35 years before observation. Conclusions-The results support previous findings that exposure to coal tar pitch volatiles in the aluminium industry has been associated with increased risk of bladder and lung cancer. They also add information about temporal relations, suggesting that exposure to tar in this smelter has acted on an early stage in the development of these cancers, followed by a latency period of 30-40 years. haematopoietic cancers,467 kidney cancer,7 and brain tumours,47 and increased mortality from pancreatic cancer has been reported in men who have worked in the electrolytic potrooms of such smelters. 7 A study of cancer in the Norwegian aluminium industry showed excesses of bladder and lung cancers in workers from a prebake smelter that operated between 1914 and 1975 .89 Detailed work histories had been abstracted from the smelter's personnel files shortly after its closure, and an assessment of exposures has been presented in a separate paper."'" The objective of the present study was to use this information to investigate certain associations between specific exposures and cancer sites selected from evidence reviewed in a previous paper' -namely: coal tar pitch volatiles (tar) and cancers of the lung and urinary tract; asbestos and cancers of the lung and pleura; pot emissions (fluorides, sulphur dioxide, carbon monoxide, aluminium oxide) and cancers of the pancreas and lung; magnetic fields and cancers of the brain and haematopoietic tissue; heat stress and cancers of the urinary tract.
Material and methods
The investigation was designed as a cohort study of cancer incidence between 1953 and 1991. During this period the Cancer Registry of Norway gives a complete coverage of the population for cancer sites other than basal cell carcinoma of the skin. The cohort was defined as all men, hired between 1 January 1922 and the smelter's closure on 1 April 1975, who had been employed for at least six months at a time. The cohort's cancer morbidity was investigated by stratified analysis that compared the observed number of cancer cases in each stratum with the expected number calculated from age specific national incidence by five year age groups for each year under observation. Standardised incidence ratios (SIRs) were calculated as the ratio between the observed and expected number, and 95% confidence intervals (95% CIs) were calculated by comparison with the Poisson distribution.
The intensity of exposure to coal tar pitch volatiles, asbestos, pot emissions, heat stress, and magnetic fields had been assessed on a semiquantitative scale from nil to 1-00 for all jobs in the smelter.'0 Dose-response relations between specific exposures and cancers were investigated with cumulative exposure used as a surrogate for dose. This was calculated in intensity-years as the product of exposure intensity and duration summed for all jobs held at the smelter.
Duration of employment and cumulative exposure were treated as time related variables for each person-year under observation, and one person was allowed to contribute to more than one stratum in each analysis. All unexposed person-years were assigned to one stratum, and the exposed person-years were divided into one low and one high stratum that each included a roughly equal amount of person-time.
The temporal relation between exposure and cancer incidence was explored by restricting exposure to specific time windows, and only exposures received within the window were considered to be aetiologically relevant. This approach is based on the notion that the interval from the first relevant exposure to diagnosis of disease may be divided into an induction period during which sufficient exposure occurs to induce the disease, then by a latency period until the disease can be diagnosed.'2 '4 In the absence of evidence of the duration of the induction and latency periods, cumulative exposure was calculated within a 15 year time window that was moved five years at a time from 0-15 years to 40 or more years before observation. This resulted in a series of nine independent analyses in which the total number of observed and expected cases was constant, but where the allocation of each person-year and cancer case to the exposure strata depended on the amount of exposure received within the time window.
Each association was tested for trend with the Poisson trend statistic (two sided)."' Due to the multiple comparisons performed for each pair of agent and disease, P values were term workers differed from that of men with longer employment, the two groups were analysed separately. Tables 3 and 4 show results from the analysis of associations between cumulative exposure and cancer incidence among the 694 men with at least three years' employment. This subcohort contributed 20 The excess of lung and bladder cancers in men employed for less than three years was also examined for associations with tar exposure (not shown in tables). The SIR for lung cancer was 1 60 (three cases) in short term workers exposed to tar v 2-98 (17 cases; P < 0-01) in unexposed workers, whereas the result for bladder cancer was 2-00 (two cases) in the exposed group and 1 02 (three cases) in the unexposed group. Inclusion of short term workers in the time window analysis weakened the association between tar exposure and lung cancer, but did not influence the strength of the association with bladder cancer.
Discussion
The main findings in this study are the associations between exposure to coal tar pitch volatiles and cancers of the bladder and lung, and between heat stress and kidney cancer in the subcohort with at least three years' total employment. The increased cancer incidence in short term workers will be discussed in a subsequent paper, together with the mortality experience in this group. 17 As cancers of the lung and bladder are also associated with tobacco smoking, the potential influence of smoking must be considered. Data on smoking were available from a survey of respiratory disorders in 132 of the 299 smelter workers employed in 1962. 18 The mean year of birth in the surveyed group was comparable with that in the present cohort, 1910 to 1915 v 1918. The expected proportion of smokers was calculated from age specific smoking rates in Norwegian men in 1960. '9 In the 112 men with at least five years' employment, there were 71 % current smokers v 65% expected, whereas 90% smoked v an expected 68% in the 20 men employed for less than five years. The average tobacco consumption per smoker was 12 g/day, which is similar to the national average at the time. The survey data may overestimate the proportion of smokers as 52 of 56 men with respiratory complaints and only 80 of 243 symptom free workers were included.
From these data on smoking, no more than a slight increase in the incidence of lung cancer and an undetectable increase in the incidence of bladder cancer would be expected among men employed for three years or more. One would also expect differences in smoking habits within the cohort to be indiscriminate with respect to exposures and time windows, and such differences cannot therefore explain the associations found.
Some non-differential misclassification of exposures is unavoidable in studies such as the present one, and the extent was probably larger for asbestos than for the other exposures.10 Such misclassification will tend to attenuate a true dose-response relation and may have contributed to the lack of association between asbestos exposure and lung cancer. This result may also be due to the fact that more than 90% of the men exposed to asbestos had probably been exposed to low levels, and this explanation is supported by the absence of any case of mesothelioma in the cohort.
A consistent finding from previous studies is the association between exposure to coal tar pitch volatiles in Soderberg aluminium smelters and bladder cancer.1-4 In this type of plant, tar exposure is correlated with exposure to fluorides, which has recently been implicated as a potential bladder carcinogen. In our study tar and fluoride exposures were negatively correlated,10 and our results therefore support earlier findings that the increased risk of bladder cancer in aluminium smelter workers has primarily been associated with exposure to tar.
Our 
